OBJECTIVES: "High dose" metformin therapy (2,550 mg/day) is reported to improve glycemic control in type 2 diabetic patients with obesity (body mass index (BMI) ≥ 30). Some have reported that metformin therapy, even in low doses (500-750 mg/day), improves glycemic control in nonobese type 2 diabetic patients (BMI approximately 25). However, it is unclear whether "low dose" metformin improves glycemic control better than acarbose in non-obese type 2 diabetic patients, which has been shown to improve glycemic control in type 2 diabetes with obesity. METH-ODS: We randomly divided 22 non-obese type 2 diabetic patients (mean BMI approximately 25) into two groups (A = 11, B = 11). Group A was treated with "low dose" met-formin (500-750 mg/day) for 3 months, and switched to acarbose (150-300 mg/day) for another 3 months. Group B was treated with acarbose first, and then switched to "low dose" metformin. RESULTS: "Low dose" metformin significantly decreased the fasting plasma glucose (FPG) and HbA1c level in both groups A and B, whereas acarbose decreased HbA1c levels in group B but not in group A. Overall, "low dose" metformin significantly decreased HbA1c (p = 0.0165) levels as compared to acarbose. CON-CLUSION: In conclusion, "low dose" metformin therapy improved glycemic control better than acarbose in nonobese diabetics.
Introduction
nsulin, sulfonylureas (SU), alpha-glucosidase inhibitors (αGI), biguanides (BG), thiazolidinediones (TZDs) and phenylalanine derivative have been used for the treatment of type 2 diabetic patients. Because insulin, SU and TZDs often induce weight gain, diabetologists may hesitate to select these drugs as first choice for the treatment of type 2 diabetic patients with obesity. On the other hand, αGI and BG do not usually induce weight gain [1] [2] [3] [4] [5] [6] ; therefore, they are considered as first line treatment for obese patients. In fact, the United Kingdom Prospective Diabetes Study (UKPDS) demonstrated the usefulness of acarbose (αGI) [7] and metformin (BG) [8] in treating type 2 diabetic patients with obesity.
Probably because the BMI of the enrolled subjects in UKPDS was approximately 30-35, a higher dose of metformin (2,550 mg/day) was administered to treat those patients [8] . Because the existence of insulin resistance is suggested even in non-obese patients, for example with a BMI of 25 [9, 10] , metformin therapy can be considered for the treatment of such patients as well. However, it is unclear whether non-obese patients should be treated with the same dosage of metformin as "obese" patients. Reportedly, the incidence of digestive disturbance increased when dosage of metformin was more than 1,000 mg/day [11] . If "low dose" metformin improves glycemic control in type 2 diabetic patients with lesser BMI, compliance of the medication will be greatly improved. Although it has been reported that "low dose" metformin therapy improved glycemic control in type 2 diabetic patients [12] , the effect of metformin therapy was not compared with acarbose, which was shown to improve glycemic control in type 2 diabetes with obesity [7] in their study. Moreover, there has been no report so far regarding the comparison between "low dose" metformin and acarbose therapy, except the cross-over study of the two for very short periods (4 weeks) [13] . Therefore, the evaluation of this issue is not yet concluded. In this study, to compare the effect of "low dose" metformin (500-750 mg/day) and acarbose (150-300 mg/day) in non-obese type 2 diabetic patients, we planned the cross-over trial of the two drugs which are not considered to increase body weight in diabetic patients.
Materials and methods (Table 1)
Informed consent was obtained from 22 non-obese type 2 diabetic patients (mean BMI 25.6 ± 0.6), and we randomly divided the patients into two groups (A, B). Most of the patients enrolled in this study were treated without medication. In the case of the patients who were treated with some oral hypoglycemic agents, those drugs were discontinued and a wash-out period of one month was set. Group A (n = 11) was treated with "low dose" metformin (500-750 mg/day) for 3 months, and then switched to acarbose (150-300 mg/day) for another 3 months. Group B (n = 11) was treated with acarbose first, and then switched to metformin. The dosage of metformin was started from 500 mg/day, and 4 weeks later, increased to 750 mg/day, unless the patient complained of symptoms of adverse effects such as digestive disturbance. For the other group, acarbose was started from 150 mg/day, and 4 weeks later, increased to 300 mg/day, unless the patient complained of symptoms of adverse effects such as digestive disturbance. Throughout the study, the patients' diet and exercise therapy were not changed, and no other oral hypoglycemic agent was administered.
As shown in Table 1 , and frequency of diabetic microangiopathy were matched between groups A and B. No patient enrolled in this study had nephropathy. FPG, HbA1c, insulin (IRI), total cholesterol (TC), HDL-cholesterol (HDL-C), triglyceride (TG) levels, and body weight (BMI) were monitored every 3 months. At the end of this study, 2 patients in group A took 500 mg/day and 9 patients took 750 mg/day of metformin. All of the patients (n = 11) in group B took 750 mg/day of metformin at the end of the treatment period. On the other hand, 5 patients took 150 mg/day, and 6 patients took 300 mg/day of acarbose in group A, whilst in group B 7 patients took 150 mg/day, and 4 patients took 300 mg/day of acarbose at the end of the study.
All results were expressed as mean ± SEM. A comparison of the mean level was made using student ttest or ANOVA followed by post-hoc Bonferroni/Dunn's multiple comparison test. The frequency or proportion between the groups was compared using the χ 2 test or Fisher's exact test. A P value less than 0.0167 was considered statistically significant in post-hoc Bonferroni/Dunn's multiple comparison test.
Results
"Low dose" metformin treatment significantly decreased FPG levels in both groups A and B, whereas this was not the case in acarbose treatment (Figure 1 ). Overall, "low dose" metformin treatment significantly decreased the FPG level as compared to the pretreatment level (p = 0.0001; Figure 2 ).
Parameter
Group A (n = 11) Regarding the HbA1c level, "low dose" metformin treatment for 3 months led to a significant decrease, whereas acarbose rather increased the level after 3 months of treatment in group A. In group B, both acarbose and "low dose" metformin decreased the levels during the 3 months of treatment ( Figure 3 ). Overall, "low dose" metformin significantly decreased the HbA1c level as compared to the pretreatment level (p < 0.0001) and the final level after acarbose treatment (p = 0.0165; Figure 4 ).
Regarding other parameters such as IRI, TC, HDL-C, TG levels, body weight (BMI), and blood pressure, no significant change was observed ( Table 2) . Neither metformin nor acarbose induced weight gain in this study. Table 2 . Changes in various parameters after 3-month treatment with either acarbose or "low dose" metformin Legend: Data are expressed as mean ± SEM.
Discussion
The mechanism of improving glucose metabolism with metformin is still unclear, although it has been speculated that the suppression of gluconeogenesis and glucose output in the liver [14] , or amelioration of glucose uptake and insulin resistance in the peripheral tissue [6] may contribute. Recently it was reported that metformin activated AMP-activated protein kinase (AMPK), a major cellular regulator of lipid and glucose metabolism, in hepatocytes [15] . There are some reports that metformin ameliorates lipid profiles or 
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Metformin Acarbose ** * *** blood pressure levels [5, [16] [17] [18] [19] [20] [21] , although it is not concluded whether the effect depends on glucose metabolism or not. Fatty liver is recognized as one of the features of insulin resistance [22, 23] ; metformin may ameliorate insulin resistance by improving fatty liver [24] . Thus, metformin may affect the lipid metabolism independently from glucose metabolism, although metformin does not generally affect lipid parameters and blood pressure. On the other hand, acarbose delays the digestion of carbohydrate in the small intestine by inhibiting alphaglucosidase competitively. Therefore, acarbose is usually used to improve postprandial hyperglycemia, although it has been reported that acarbose improved fasting plasma glucose by ameliorating glucose toxicity [7, 25, 26] . Some reported that acarbose ameliorated lipid profiles and blood pressure levels [27] [28] [29] [30] by improving glucose metabolism and reducing body weight, although acarbose does not generally affect lipid parameters or blood pressure either.
Although UKPDS indicated that metformin was useful for improving glycemic control in type 2 diabetic patients with obesity, the dosage used in the study was relatively high (2,550 mg/day) and the BMI of the enrolled subjects was about 31. It is unclear whether "high dose" metformin is indeed required to treat type 2 diabetic patients with lesser BMI, i.e. nonobese patients. Reportedly, the frequency of digestive disturbance increased when the dose of metformin exceeded 1,000 mg/day [11] . Therefore, considering the compliance of the medication, confirmation of the finding that "low dose" metformin (500-750 mg/day) was effective in treating nonobese type 2 diabetic patients is clinically important. A previous report showed that "low dose" metformin improved glycemic control as compared to a placebo [11] , although it did not improve the pretreatment level of HbA 1c . Another report showed that "low dose" metformin monotherapy (or combination therapy with sulfonylurea) was effective in improving glycemic control in type 2 diabetic patients for a period of 6 months [12] , although the effect was not compared with αGI. Our present study has shown a new finding, that "low dose" metformin monotherapy improved glycemic control in non-obese type 2 diabetic patients better than acarbose monotherapy. It should be emphasized that metformin action is still operative at the end of the study. This indicates that a terminal has not been attained and the effectiveness of the drug can most probably be prolonged. Although it is unclear why acarbose monotherapy could not improve glycemic control in this population, we speculate that the "lower" dosage (150 mg/day) of acarbose in half of the enrolled patients may partly contribute because of digestive disturbance. Considering the fact that the dosage of metformin in most of the enrolled patients could be increased up to 750 mg/day, "low dose" metformin may also be better than acarbose in the view of the digestive disturbance. Because relatively small numbers of the patients were enrolled in the present study, confirmation with a larger study may be needed in the future.
The 'Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe' (DECODE) study pointed out the importance of postprandial hyperglycemia. Because acarbose is supposed to improve postprandial hyperglycemia in theory, it may be worth trying to combine "low dose" metformin and acarbose to improve the prognosis of non-obese type 2 diabetic patients in a future study as well.
